Purpose: We investigated the role of computed tomography (CT)-guided Iodine-125 ( 125 I) seed implantation in combination with chemotherapy for the treatment of stage III non-small cell lung carcinoma (NSCLC).
Purpose
Approximately, 80% of all lung cancers are non-small cell carcinomas. For these tumors, a complete surgical resection still yields the best treatment results. However, only 25% of all patients are candidates for surgical treatment [1] . Nearly 45% of patients with non-small cell lung carcinoma (NSCLC) have stage III disease [2] . The treatment outcomes of these patients are unsatisfactory due to mediastinum lymph node metastasis, or the presence of a large surgical excision range, which may lead to a high post-operative residual tumor volume and a high risk of recurrence. The management of these patients who are unfit for surgery remains controversial, although many are treated with radiation therapy [3] . Establishment of radiation guidelines for the management of these patients is crucial for several reasons. Notably, improvements in medical care and technology are expected to increase the Journal of Contemporary Brachytherapy (2017/volume 9/number 6) mean life expectancy, resulting in doubling the number of people older than 65 years living with lung cancer by 2050 [4, 5] .
Implantation of radioactive Iodine-125 ( 125 I) seeds is a treatment option with a history of over 100 years. Early on, it was adopted for prostatic cancer, followed by the treatment of pancreatic cancer, lung cancer, intracranial tumors, and pharyngeal cancer [6, 7, 8] . Developments in ultrasound, computed tomography (CT), and treatment planning systems (TPS) have also helped to improve the treatment. The technology of implanting radioactive 125 I seeds for prostate cancer continues to develop [9, 10, 11] . However, the type and regimen of radiation therapy used for this patient category is undefined, as no randomized trials comparing different regimens are available [3, 12, 13] . At present, the use of external beam radiotherapy is the standard of care.
CT-guided implantation of radioactive 125 I seeds is an effective and feasible method for the treatment of lung cancer [14] . In the current study, a total of 182 patients with stage III NSCLC treated with CT-guided, 125 I brachytherapy between June 2002 and June 2009 were retrospectively analyzed to evaluate the clinical effect and prognostic factors associated with this intervention.
Material and methods

Characteristics of the patients
In this retrospective study, patients with histologically confirmed NSCLC, without lung metastasis and with documented inoperable NSCLC stage III disease, were selected (Table 1 ). Other enrollment criteria included age ≥ 18 years and an estimated individual life expectancy of ≥ 6 months. Moreover, patients were required to have sufficient remaining lung function (forced expiratory volume in 1 second, FEV 1 ≥ 1.5 l/s, or ≥ 50% of the respective individual normal value), as well as a Karnofsky performance score ≥ 70%. Additionally, adequate hematological, hepatic, and renal function was essential for inclusion in the trial (white blood cell, WBC ≥ 3 × 10 9 /l). According to these criteria, our study population consisted of 182 patients who were admitted to our hospital from June 2005 to June 2011. Informed consent was obtained from the subjects, and the study was approved by the Ethics Committee of our hospital. There were 104 men and 78 women, ranging in age from 39 to 87 years (mean, 68 ± 9 years). Patient Karnofsky scores as recorded upon admission and progress notes were as follows: 128 cases ranged between 80-100, and 54 cases ranged between 60-70. A total of 88 patients had central-type lung cancer, while the remaining 94 patients had peripheral-type lung cancer. Prior to the study, all patients were informed about the procedure and its possible treated, with a combined therapy with platinum and gemcitabine, for a median of 3 cycles (range, 1-6 cycles). Chemotherapy was given 1 week after the seeds implantation.
I seed sources
The 125 I seed sources were the 6,711 type (Seeds Biological Pharmacy Ltd., Tianjin, China), and preserved by sealing in airtight containers. The core source was silver containing 125 I packaged with a titanium alloy tube sealed by laser. The seeds had a radioactive half-life of 59.6 days, with a mean radioactivity of 0.70 mCi (range, 0.64-0.78 mCi, 2.37-3.26 × 10 7 Bq). The 125 I seed source air specific kinetic energy was 0.945 µGy × m 2 /h (range, 0.847-1.018 µGy × m 2 /h). The activity of the CDX-2000A well-type ionization chamber was measured. Each seed source was 4.5 mm in length and 0.8 mm in diameter, and was sterilized using high-temperature sterilization.
Implantation equipment
All implantation equipment was made in China, including the calibrating equipment and the tion needle (Hakko Co., Ltd.,1490 O-aza lsobe, Chikuma-Shi, Nagano, Japan) was sterilized and sealed. Journal of Contemporary Brachytherapy (2017/volume 9/number 6)
Other equipment
The prowess TPS (Prowess Panther 3D SSGI, Chico, CA, USA), and a multilayer spiral CT (GE Lightspeed 64, General Electric Company, Fairfield, CT, USA) with a slice thickness of 5.0 mm were used. CT scan parameters: tube voltage of 120 kV, the tube current of 100 mAs, the field of view to cover the tumor range. TG-43 formalism was applied, as well as corrections used in dosimetry.
I seed implantation
Patients with stage III NSCLC had CT scans performed to determine their puncture location ( Figure 1A) . After disinfecting the skin surface of the surgical area and administering local anesthesia, an attempt was made to puncture the center of the tumor. Next, using the CT scanner again, the calibrating equipment was put into place. At this point, punctures were made along the intercostal space, at 1.0 cm intervals to a depth of 0.5 cm below the edge of the tumor. The CT scanner was used again to confirm location accuracy, followed by implantation of seeds, using the implanting device and keeping equal distance between the seeds (range, 1.0-1.5 cm) ( Figure 1B and C). The total number of seeds to be implanted in each tumor was calculated using the TPS before implantation.
Response evaluation criteria
Local response was evaluated in accordance with RECIST (Response Evaluation Criteria in Solid Tumors) [15] at 6 months after implantation, which is defined as the following: 1) complete remission (CR), the complete regression of the treated tumor mass (confirmation at 4 weeks of treatment or later); 2) partial remission (PR) or the reduction in the sum of the largest tumor diameters by at least 30% (confirmation at 4 weeks of treatment or later); 3) progressive disease (PD), or increase in the sum of the largest tumor diameters by 20%; 4) stable disease (SD), indicating neither PR nor PD.
Statistical analysis
Statistical analyses were performed using the Statistical Package for Social Sciences software (SPSS), version 13.0 (IBM Corp., Armonk, NY, USA). The survival rate of patients was determined by Kaplan-Meier analysis, and differences in survival rates among groups were compared by the log-rank test. Univariate variables with statistical significance entered the multivariate analysis. Multivariate analysis was conducted using the Cox regression modeling. P < 0.05 was considered as statistically significant. 
Post-surgery verification of quality
The information on seeds from CT input was transferred to the TPS to verify quality, which was then exported as dose-volume histograms (DVHs). The 182 patients received a prescribed dose of 110.0 Gy. The median number of 125 I seeds was 38 (range, 6-105). The median post-operative dose covering 100% of the target volume (D 100 ) was 94.5 Gy (range, 54.6-125.5 Gy), and the median D 90 was 143.0 Gy (range, 121.6-184.0 Gy).
Short-term therapeutic efficacy
The median follow-up of all patients was 23 months (range, 7.0-80 months). Compared with pretreatment, CT images obtained at the 6-month (Figure 2 ) follow-up revealed that 29 of 182 patients were in complete remission, while 141 were in partial remission. In our study, the total effective rate (CR+PR) for patients who received implantation of radioactive 125 I seeds was 93.4% (Table 2) .
Long-term survival analysis
The 1-, 3-, and 5-year overall survival (OS) rates were 83.35%, 25.57%, and 11.34%, respectively, and the local control rates were 92.01%, 86.51%, and 76.45%, respectively ( Figure 3A and B). The median survival time was 24.76 months, and the median local control time was 39.2 months. For stage IIIA and IIIB patients, the median survival times were 26.67 and 24.59 months, respectively (Table 3) . Journal of Contemporary Brachytherapy (2017/volume 9/number 6)
Univariate analysis of survival
Univariate analysis showed that several factors were associated with survival: pretreatment hemoglobin, using a cut-off point of 120 g/l, smoking index or using the number of 'pack years' (1 pack year = 20 cigarettes/day for 1 year), tumor diameter (cm), tumor (T) stage, and D 100 (Gy) ( Table 3 ). There were statistically significant single factor variables in the multivariate COX regression analysis including the following: hemoglobin before treatment(g/l), smoking index, diameter of tumors (cm), T stage, and D 100 after treatment (Gy).
Multivariate Cox regression analysis
The multivariate Cox regression analysis showed that several factors were associated with survival (Table 4) . Pre-treatment hemoglobin, using a cut-off point of 120 g/l,
A B
Cum. survival Local control rate was correlated with survival ( Figure 3C ). Tumor stage (IIIA vs. IIIB) did not have statistical significance ( Figure 3D ). Tumor diameter was a significant predictor for OS (p < 0.001), with patients having a tumor size < 3.0 cm for recurring tumors demonstrating better survival (p = 0.007). The median survival time was 41.03 months in patients with a tumor size < 3.0 cm, and was 21.45 months in those with tumors > 3.0 cm. Patients with tumors < 3.0 cm had a relatively higher CR rate (71.85%, 23/32) compared with patients with a tumor size > 3.0 cm (28.15%, 9/32) ( Figure 3E ). The median survival time was 37.23 months in patients with D 100 after treatment (Gy) < 80 Gy, 23.56 months in patients with D 100 after treatment (Gy) 80-110 Gy, and 17.32 months in those with D 100 after treatment (Gy) > 80 Gy ( Figure 3F ).
Complications
Pneumothorax
A total of 24 patients experienced pneumothorax, with an incidence rate of 13.2%. According to the Common Terminology Criteria for Adverse Events (CTCAE) v. 4.0, 20 patients had grade 1 adverse reaction and 4 had grade 2 adverse reactions. Among the 24 patients, the intraoperative suction in 9 patients improved their status, while in the remaining 15 patients, the thoracic cavity was closed for drainage.
Hemothorax
A total of 17 patients experienced hemothorax, with an incidence rate of 5.0%. According to the CTCAE, 15 patients had grade 1 adverse reaction and 2 had grade 2 adverse reactions; however, these symptoms disappeared 3 days after treatment with hemostatic drugs.
Shifting and falling
Six patients encountered shifting and falling of radioactive 125 I seeds. In 4 patients, hemoptysis ejected 2 seeds, while in the other 2 patients, the seeds migrated into normal lung tissue or soft tissues during withdrawal of the needles. Soft tissue mainly refers to the chest wall muscles. The patients did not show any symptoms, and therefore did not receive clinical treatment.
Fever
Twenty-two patients experienced fever; the temperature in all cases was below 38.5°C. Fever patients were given antipyretic drug treatment. Furthermore, 14 patients experienced grade 1 toxicity events, while 8 experienced grade 2 toxicity events; however, their symptoms disappeared after 1 day of treatment for these symptoms.
Leukopenia
A total of 49 patients experienced leukopenia, which occurred 1-2 weeks after chemotherapy; the primary cause was bone marrow suppression after chemotherapy. Among these, 31 patients experienced grade 1 toxicity events, while 18 patients experienced grade 2 toxicity events. Their white blood cell counts recovered after treatment with granulocyte-macrophage colony stimulating factor (GM-CSF). Journal of Contemporary Brachytherapy (2017/volume 9/number 6)
Death
There were 128 deaths through to the last day of follow-up (incidence rate, 70.3%). Among these, 63 patients died due to cachexia, 31 due to pulmonary infection, 20 due to multiple organ failure, 12 due to brain metastasis, and 2 due to acute myocardial infarction.
Discussion
Radiation therapy is an important approach for oncotherapy. According to the statistics of International Union Against Cancer (UICC), 70% of all patients with cancer need radiation therapy for a permanent cure or as an alleviative treatment [16] . Rafael et al. [17] have suggested that CT-guided percutaneous implantation of radioactive 125 I seeds is an effective treatment for patients with medically inoperable stage I NSCLC. Due to lack of early diagnosis, 75% of lung cancer patients present with an advanced stage of disease and cannot undergo resection. Implantation of radioactive 125 I seeds could be a new palliative treatment for a majority of patients with inoperable stage III NSCLC. In the last 20 years, a model of radio-chemotherapy has primarily evolved for the treatment of locally advanced NSCLC.
For unresectable stage IIIA patients, standard treatment may include either a sequential or concurrent combination of chemotherapy and radiation therapy (chemoradiation), and external radiation therapy for patients who cannot be treated with combined therapy. Several clinical investigations showed that the radical surgery in stage IIIA patients with bulky primary tumors may provide up to 50% increase in the 5-year survival rate as compared to patients with incomplete resection [18] . Stage IIIB NSCLC represents about 17.6% of all lung cancers [19] , with a 5-year survival rate of 3% to 7% [20] .
In our study, the total effective rate (CR+PR) of patients who received implantation of radioactive 125 I seeds was 93.4%, along with 1-, 3-, and 5-year OS rates of 83.35%, 25.57%, and 11.34%, respectively; and a median survival time of 24.8 months. For stage IIIA and IIIB patients, the 5-year survival rates were 19.63% and 10.0%, with median survival time of 26.67 and 24.59 months, respectively. Huang [21] has reported 32 patients of stage IIIB NSCLC treated with radical resection and implantation of radioactive 125 I seeds; their 1-and 3-year survival rates were 63.8%, and 31.9%, respectively. At present, many studies have reported the significant short-term therapeutic efficacy of radioactive seed implantation for lung cancer, but only a few reports have discussed its long-term therapeutic efficacy; these studies include only a small number of cases. In our study, the significant short-term therapeutic efficacy in our patients may be attributed to the following reasons: 1) we strictly followed the principle of radioactive seeds implantation, i.e., the equidistant principle; 2) the median dose was obviously higher than the effective dose; 3) our prescribed dose was higher than the dose of external beam radiotherapy.
Pneumothorax is the most common complication for lung cancers treated with implantation of CT-guided 125 I radioactive seeds, with an incidence rate of 10.0-30.0% [22] .
In our study, 37 (14.9%) patients experienced pneumothorax, which was similar to the previous report. These patients had various forms of emphysema, and fortunately, we were prepared for it. The standard treatment of radiation pneumonitis and the overall incidence occurs in 15-40% [23] . However, no grade 3-4 pneumonitis was found in this study, which may be related to the short radiation distance of 125 I seeds.
Although each report on prognostic factors of stage III NSCLC patients is different, most studies show that conventional factors are the main prognostic factors. Langendijk et al. [24] showed, using multivariate analysis, that the pre-treatment hemoglobin level was an independent prognostic factor for both loco-regional control and overall survival in patients with inoperable NSCLC treated with definitive radiotherapy. Our results showed that the 1-, 3-, and 5-year survival rates of 80 patients with pre-treatment hemoglobin levels < 120 g/l were lower than those of the 102 patients whose pre-treatment hemoglobin levels were ≥ 120 g/l (Table 1) . Further, in the multivariate analysis, pre-treatment hemoglobin level was an independent prognostic factor. The reason behind the better prognosis of the higher pre-treatment hemoglobin group may be that radio sensitivity is higher when sufficient oxygen is supplied; thus, the same radiological dose can eliminate more cancerous cells. These results are consistent with the clinical phenomenon that anemia can occur in patients after receiving radiotherapy. Durmus et al. [25] have concluded that prolonged OS is independently associated with a small total tumor volume (TTV < 80 vs. > 80 cm 3 ; p = 0.01) in 147 patients with unresectable or medically inoperable NSCLC treated with three-dimensionally planned conformal radiotherapy. We divided all our patients into three groups according to the tumor diameter; the 1-, 3-, and 5-year survival rates were significantly different among these groups. Moreover, multivariate analysis showed that the diameter of the tumor was also an independent prognostic factor. Durmus et al. believe that tumor diameter is associated with the number of tumor stem cells; a higher number of tumor stem cells is associated with more difficult therapy with radioactive seed implantation, leading to lower survival rates. The D 100 after treatment divided into three groups (≤ 80.0 Gy, 80.0-110.0 Gy, > 110.0 Gy), was also independently associated with prognosis, as the 1-, 3-, and 5-year survival rates were significantly different in these groups. The prognosis of D 100 after treatment (> 110.0 Gy) in patients was better and thus, D 100 after treatment (> 110.0 Gy) is beneficial for patients with stage III NSCLC. The results of our research suggest that, if the prescribed dose exceeded 110.0 Gy, it would be beneficial for patients with stage III NSCLC. However, further clinical and research investigations are required to confirm this finding.
In conclusion, there are many prognostic factors associated with stage III NSCLC. Pre-treatment hemoglobin, D 100 , and maximum tumor diameter might be the major prognostic factors in patients with NSCLC treated with radiotherapy. Implantation of radioactive 125 I seeds could be effective in the treatment of NSCLC; the key point of our clinical study is to combine seed implantation with chemotherapy for each patient with stage III NSCLC.
Journal of Contemporary Brachytherapy (2017/volume 9/number 6) Peng Du [26] reported that implantation of radioactive 125 I seeds is safe for the treatment of NSCLC, with few complications and short-term efficacy. The major complications in their study were pneumothorax and bloody sputum. Hence, more cases should be observed to investigate the long-term therapeutic effects. At present, implantation of radioactive 125 I seeds for NSCLC is still in its inception; however, it is primarily used for unresectable advanced tumors, with good short-term efficacy and local control rate. Improving positioning techniques and reforming implantable medical devices provide a broader space for further development of implantation of radioactive 125 I seeds.
Conclusions
CT-guided 125 I seed implantation combined with chemotherapy is an effective, minimally invasive method for treating stage III NSCLC. Hemoglobin level before treatment, D 100 , and the maximum tumor diameter might be major prognostic factors in patients treated with radiotherapy for NSCLC.
